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Abstract: In this paper, the transient model of heat transfer is established based on the two fluid 
model and the non-steady state heat conduction model of solid wall. The additional acceleration 
model is introduced in order to study the influence of flow channel shape and motion on the boiling 
flow and heat transfer in the runner. The results of the research have guiding significance for the 
design and application of the relevant core flow channel. 

1 Introduction 

In this paper, the transient two-phase flow and heat transfer model is established based on two fluid 
model and relevant numerical method and additional acceleration model is introduced in oeder to 
predict and reveal the heat transfer characteristics and the influence rules of the runner under the 
condition of the shape and movement, and it can provide the basis for the experimental design and 
relevant application. 

2 Analysis model 

In this paper, the two fluid model is used to simulate the flow and heat transfer behavior of the 
fluidized bed. The assumptions of the two phase flow and heat transfer model mainly include as 
follows:  

(1)the vapor and liquid phase parameters are changed only along the flow direction of z. 
(2)the vapor and liquid phases are incompressible. 
(3) the energy dissipation due to Reynolds stress is neglected, etal. 

The related equations are as follows: 
(1) vapor and liquid phase mass equation: 
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(2) momentum equation of vapor and liquid phase: 
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(3) energy equation of vapor and liquid phase:  
   














t

p

z

hv

t

h
k

kk
kk

k
kk  kkkkkk hΓQQ

z

p
v ,ji,w, 


       （3） 

In the formula, , , v, h,  is respectively void fraction, density, velocity, enthalpy and phase mass 
transfer rate. If subscript k is l,it is expressed as liquid phase, and if subscript k is g,it is expressed 

as vapor. 
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 is respectively the pressure drop source term of k phase wall friction 

and interfacial friction. Qw,k, Qi,k  is respectively heat transfer item of k phase wall and interphase. 
The source term relationship and the boiling point are all calculated with the relevant experence 
relationship. 

The equations of solid wall side unsteady heat conduction model (two dimensional) are as 
follows: 
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In the formula, cp,  is respectively the coefficient of specific heat and thermal conductivity, Tw is 
the wall temperature, x is the wall thickness direction, and S  is the internal heat source. 

3 Case analysis 

3.1 Simulation results 
The comparison between the calculated results of wall heat transfer coefficient and the measured 
results under typical operating conditions is shown in figure 1, and it can be seen that the calculated 
values and the experimental values fit very well. 

 

 
Fig. 1 Comparison of calculated wall heat transfer coefficient and wall temperature with test data 

 
3.2 The effect of two phase boiling heat transfer 
The distribution of the pressure along the channel, the wall heat transfer coefficient and the wall 
temperature and the temperature in the center of the nuclear power plant core flow channel can be 
shown in figure 2~4. It can be seen that the pressure is affected greatly in different angle of 
inclination, the boiling heat transfer in the flow channel and the wall temperature are less affected 
by the spatial orientation. 
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Fig.2 Distribution of the pressure in different angle of inclination 

 
Fig.3 Distribution of the wall heat transfer coefficient in different angle of inclination 

 
Fig.4 Distribution of the wall temperature and the temperature in the center in different angle of 

inclination 

4 Conclusion 

The fluctuation of flow channel can cause the following fluctuation of corresponding parameter. 
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The pressure fluctuation is slightly obvious, and pulse amplitude of the rest heat transfer parameters 
is small. The fluctuations of the parameters increase with the swing acceleration, the swing 
frequency had little effect on the fluctuations of the parameters, and the mean of parameters are 
basically unchanged under the conditions of movement and static condition. 
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